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ABSTRACT 
An NMR spectroscopic study has been conducted into the reactivity of alkali metal benzyls [M(CH2Ph)], 
(M = Li, Na, K) with lanthanide tris ?ĂŵŝĚĞ ?ĐŽŵƉůĞǆĞƐ ?>Ŷ ?E഼ ?3 ? >ŶA?z ?Ğ ?EĚ ?E഼A?E ?^ŝDĞ3)2) and 
[Ce(TMP)3] (TMP = 2,2,6,6-ƚĞƚƌĂŵĞƚŚǇůƉŝƉĞƌŝĚŝĚĞ ? ? /ƚ ǁĂƐ ĨŽƵŶĚ ƚŚĂƚ ĨŽƌ  ?>Ŷ ?E഼ ?3], benzyl adducts 
 ?D ? ?>Ŷ ?E഼ ?3(CH2Ph)] were initially formed, and the molecular structure for M = Li(TMEDA)2 and Ln = 
EĚǁĂƐĚĞƚĞƌŵŝŶĞĚƌĞǀĞĂůŝŶŐĂĚŝƐƚŽƌƚĞĚƚĞƚƌĂŚĞĚƌĂů ?EĚ ?E഼ ?3(CH2Ph)] anion. In all cases, these adduct 
ĐŽŵƉůĞǆĞƐ ǁĞƌĞ ƵŶƐƚĂďůĞ ? ŝŶƚƌĂŵŽůĞĐƵůĂƌůǇ ĚĞƉƌŽƚŽŶĂƚŝŶŐ Ă ŵĞƚŚǇů Ăƌŵ ŽĨ Ă E഼ ůŝŐĂŶĚ ǀŝĂ ďĞŶǌǇů
basicity and eliminating toluene to prepare cyclometĂůůĂƚĞĚĐŽŵƉůĞǆĞƐŽĨ ƚŚĞ ĨŽƌŵ  ?D ? ?>Ŷ ?E഼ ?2{ʃ2-
CH2Si(Me)2N(SiMe3 ? ? ? ? /ŶƉĂƌĂůůĞů ƐƚƵĚŝĞƐ ? ƌĞĂĐƚŝŽŶƐŽĨ  ?>ŝ ?WŚ ? ?ǁŝƚŚ  ?>Ŷ ?E഼ ?3] (Ln = Ce, Nd) afforded 
 ?>ŝ ?E഼ ? ? ? ǁŚŝůƐƚ ĨŽƌ  ?>Ŷ A? z ? ĂĚĚƵĐƚ ĨŽƌŵĂƚŝŽŶ ǁĂƐ ŽďƐĞƌǀĞĚ ?  ?Ğ ?TMP)3] did not generate any 
characterisable bimetallic adducts. The reaction of [Li(Ph)] with [Li(TMP)] afforded the hexanuclear 
[{Li(TMP)}2{Li(µ-Ph)}]2, which features lithium in three different coordination environments. 
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1. INTRODUCTION 
Research into mixed-metal organometallics has demonstrated that certain bi- and multi-metallic 
compounds have patterns of reactivity that can be both wider in scope and more selective than the 
individual components on their own.[1] This has led to the systematic development of mixed-metal 
compounds with synergic reactivity[2] that have many potential applications including selective 
metalation reactions[3] for more efficient organic synthesis,[4] as well as for use in catalysis (e.g. 
mixed f-block/Mg polymerisation catalysts).[5, 6] One particularly well known example of enhanced 
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reactivity of a bimetallic system is the widely used Lochmann-Schlosser base, which is a mixture of 
n-butyllithium and potassium tert-butoxide.[3]  
Alkali metal secondary amides  ? in particular [M{N(iPr)2}], [M{N(SiMe3)2}] and [M(TMP)]; M = Li, Na, K; 
TMP = 2,2,6,6-tetramethylpiperidide  ? are ubiquitous throughout synthetic chemistry,[7] and their 
synergic behaviour with, for example, Mg, Mn and Zn organometallics leads to unusual reactivity that 
can be understood through detailed knowledge of the structure of these reagents (e.g. I, Figure 1).[1, 
3] Rare earth amides and organometallics, on the other hand, are not widely used throughout 
chemistry with their use mainly restricted to synthetic f-block chemistry.[8] Simple homoleptic 
starting materials, such as [Ln(E഼)3][9] and [Ln{CH(SiMe3)2}3],[10-12] and the THF solvated 
[Ln(CH2Ph)3(THF)n] (n = 2[13, 14] or 3[13-16]) and [Ln(CH2SiMe3)3(THF)n] (n = 2[17, 18] or 3[17, 19]), 
are well known, although they are very air- and moisture-sensitive and can be non-trivial to synthesise. 
The rare earth elements, with their large ionic radii, high coordination numbers and interactions 
dominated by ionic bonding, also have a well-developed  ‘ĂƚĞ ?ĐŚĞŵŝƐƚƌǇƉƌŽĚƵĐŝŶŐcharge separated 
lanthanide complexes when additional anionic ligands bind to the Ln metal centres.[20] Examples of 
charge-separated organometallic lanthanide  ‘ate ? compounds include [Li(L)n][LnR4] {R = tBu,[21-23] 
CH2SiMe3;[22, 24, 25] (L)n = (THF)4, (TMEDA)2, (DME)3; DME = MeOC2H4OMe}, the heteroleptic 
[Li(DME)3][Nd(Cp)3(Ph)][26] and [YbII(CH2Ph)(THF)5][YbIII(CH2Ph)4(THF)2] which formed in preference 
to neutral [YbIII(CH2Ph)3(THF)3].[13] Contacted ion-pairs are also known (Figure 2, top), for example, 
with Me: [Ln{(ʅ-Me)2Li(TMEDA)}3][27, 28], N(iPr)2: [Li(ʅ-NiPr2)2Y(NiPr2)2],[29] E഼: [Li(ʅ-E഼)2LnIIE഼][30] 
and CH2Ph: [K(thf)K(thf)2Sc(ʅ-CH2Ph)5], which contains a complicated extended structure in the solid 
state.[15] 
 
 
Figure 1. Bimetallic mixed-metal organometallic compounds. 
 
We were interested in lanthanide motifs with two different bridging atoms similar to I, because only 
a handful of structurally characterised examples are known (Figure 2, bottom) that show lanthanide 
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complexes with mixed alkyl/amide bridging interactions (type II, Figure 1).[31-33] These include 
cyclometallated complexes that result from E഼ ligand deprotonation,[34-36] such as 
[K][Y(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}][30] that becomes a solvent separated ion pair when a co-ligand 
such as 18-crown-6 is used.[37] These cyclometallated structures demonstrate one potential 
drawback from using the ubiquitous E഼ anion as a supporting ligand because group 1 organometallics 
are strong bases; [Na ?E഼ ? ?, [K{Si(SiMe3)3}] and nBuLi/TMEDA react with [Ln ?E഼ ?3] (Ln = Y, Yb) to 
deprotonate the E഼ ligand forming a dianionic (ʃ2-N,C) ligand[30, 34] instead of generating a stable 
bimetallic adduct. In contrast, the reaction of [Yb(E഼)3] with tBuLi caused reduction to Yb(II) and 
formation of [LiYb(E഼)3].[30]  
 
Figure 2. Organometallic lanthanide contacted ion pairs 
 
Synergic reactivity based upon bimetallic complexes of group 1 and the rare earths has not been 
systematically investigated, so this paper details our first investigations in this field targeting bimetallic 
complex formation using weaker bases than butyl lithium (type II). We show that adducts are initially 
formed, which can be stable for several days, long enough to crystallise a heteroleptic Nd  ‘ate ? species 
(type III, Figure 1). 
 
2. RESULTS AND DISCUSSION 
2.1 HOMOMETALLIC SPECIES 
Initially, we investigated the reaction of a lithium organometallic with a lithium amide in order to study 
adduct formation using the same very electropositive metal (Pauling electronegativity ? ʖP, of Li = 
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0.98).[38] This would allow us to investigate ligand compatibility and bonding modes that could then 
be applicable to heterobimetallic systems including rare earth elements. 
The 1:1 reaction of [Li(Ph)] with [Li(TMP)] in benzene at 80 °C for 2 hours afforded a brown suspension, 
wherein only some of the lithium phenyl was observed to dissolve. Upon cooling, pale yellow crystals 
suitable for X-ray diffraction studies were grown, which revealed this complex to be the hexanuclear 
species [{Li(TMP)}2{Li(µ-Ph)}]2, (1). Repeating the reaction with a 1:2 ratio of [Li(Ph)]:[Li(TMP)] resulted 
in a clear solution from which the same product crystallised upon cooling in improved yield (37 %). 
Both triclinic (Pͳ) and monoclinic (P21/n) polymorphs have been characterised, with virtually identical 
molecular structures. 
 
Scheme 1. Preparation of [{Li(TMP)}2{Li(µ-Ph)}]2 (1). 
 
Figure 3. Solid state structure of [{Li(TMP)}2{Li(µ-Ph)}]2, (1). Thermal ellipsoids set at 50 % probability. 
Hydrogen atoms are omitted for clarity. Selected bond lengths (Å) and angles (°) for the triclinic 
polymorph: Li(1)-N(1) 1.976(2), Li(1)-N(2) 1.979(2), Li(2)-N(1) 2.008(2), Li(2)-C(19) 2.217(2), 
Li(2)-C(19A) 2.346(2), Li(3)-N(2) 1.948(3), Li(3)-Phplane 1.944, Li(3)-CPh range 2.361(3) ?2.430(3); 
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Li(1)-N(2)-Li(3) 90.07(11), N(2)-Li(1)-N(1) 165.18(14), Li(1)-N(1)-Li(2) 99.65(10), N(1)-Li(2)-C(19) 
124.50(11), N(1)-Li(2)-C(19A) 125.65(10), C(19)-Li(2)-C(19A) 109.85(9). Values for the monoclinic 
polymorph, all of which fall within the standard deviations of those listed above, can be found in the 
ESI. 
Compound 1 is a hexanuclear centrosymmetric complex, containing six lithium atoms in three 
different coordination geometries. The first environment is the ɻ1 ?ɻ1-Li(1), which is bound to the 
amide nitrogen atoms of two TMP molecules. Although this is formally only two-coordinate at lithium, 
the flanking methyl groups of the TMP ligand must provide some degree of steric protection, as is true 
of the tetrameric lithium reagent [{Li(TMP)}4], which features these near linear N-Li-N motifs.[39, 40] 
Additional electrostatic interactions with the TMP methyl groups will be tempered by their distance 
from the lithium centre [range of Li(1)-CTMP-Me distances: 2.941  ? 3.443 Å; cf Li(TMP) tetramer range 
Li-CTMP-Me 2.824  ? 3.357 Å].[40] The second environment is the ɻ1 ?ɻ1 ?ɻ1-Li(2), which is bound to one of 
the TMP amide nitrogen atoms and bridges between two ipso-carbon atoms of two phenyl rings. 
These Li-C interactions form a flat Li-C-Li-C core, at the midpoint of which is situated the inversion 
centre. This Li2C2 dimeric core is a signature feature of phenyl lithium structural chemistry, featuring 
as the repeating unit in unsolvated [Li(Ph)][41] and as the core when solvated by ( ?)-sparteine,[42] 
N,E ?,E ? ?-trimethyl-1,3,5-triazacyclohexane,[43] tetrahydropyran[44] and (R,R)-N,N,E ?,E ?-tetramethyl-
1,2-diaminocyclohexane.[45] The sum of the bond angles at Li(2) is 360°, indicating a trigonal planar 
coordination geometry for these lithium ions. The third coordination geometry is the ɻ1 ?ɻ6-Li(3) centre 
which bridges a TMP amide and the ʋ-system of the phenyl ring.[46-49] The phenyl ring is tilted with 
respect to the two lithium atoms coordinated to the ipso-carbon [angle Li(2)-CPh plane = 11.35 °, Li(2A)-
CPh ƉůĂŶĞA? ? ? ? ? ? ? ? ?dŚŝƐŵĂǇďĞĚƌŝǀĞŶďǇƚŚĞƐǇŵŵĞƚƌŝĐĂůɻ6-coordination of >ŝ ? ? ?ƚŽƚŚĞƉŚĞŶǇůʋ-
system by enforcing all the Li(3)-CPh distances to be similar [2.361(3)  ? 2.430(3) Å]. The TMP-Li1-TMP-
Li3 unit is reminiscent of the Li(TMP) unit seen in WilůŝĂƌĚ ?ƐdDŚĞŵŝ-ƐŽůǀĂƚĞĚ ‘ŽƉĞŶĚŝŵĞƌ ? ?[50] 
or the tail of the heteroalkali-metallic complex [(PMDETA)K(P-TMP)Li(P-TMP)Li(TMP)] (PMDETA = 
N,N,E ?,E ? ?,E ? ?-pentamethyldiethylenetriamine, Me2NC2H4N(Me)C2H4NMe2).[51] Consequently, 
complex 1 ĐĂŶ ďĞ ĞŶǀŝƐĂŐĞĚ ĂƐ ĞŝƚŚĞƌ Ă  “>ŝ ?TMP ? ƐŽůǀĂƚĞĚ ? ĚĞƌŝǀĂƚŝǀĞ ŽĨ ĐǇĐůŝĐ ƉŚĞŶǇů ůŝƚŚŝƵŵ Žƌ
alternatively as having been formed by the insertion of phenyl lithium into the Li(TMP) tetramer. Aryl 
lithium insertion into the [Li(TMP)] tetramer has been witnessed previously by Klett and co-workers 
who inserted monomeric cyclopentadienyl lithium units into the same lithium amide.[52] Having 
multiple coordination geometries present for lithium within one complex has been highlighted 
recently by Strohmann et al. as an interesting structural feature,[46] where they presented the first 
complex containing both lithium-ʋ-system contacts and lithium-carbanion interactions, so we find it 
pertinent to highlight the three differing lithium environments present in complex 1. 
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Unfortunately, isolated crystals of 1 do not redissolve in non-polar solvents, however, samples of 1 
prepared in situ in C6D6 were successfully analysed by 1H and 7Li NMR spectroscopy. Three 
environments could be observed in the 7Li NMR spectrum (see Figure S4, ESI): the sharp signal at 2.53 
ppm we attribute to Li(1), as this is a very similar chemical shift to that of [{Li(TMP)}4], wherein the 
lithium resides in a similar environment; a sharp signal at 1.27 ppm and a broad resonance at 0.23 
ppm. The 1H NMR spectrum features well-resolved signals in the aromatic region, and two broad 
resonances at lower chemical shift attributed to the H atoms of the TMP ligands. 
 
2.2 HETEROMETALLIC SPECIES 
Encouraged by the preparation of the homometallic hexanuclear lithium species 1, we then 
introduced rare earth amides in an attempt to prepare heterobimetallic complexes using very 
electropositive metals. In this initial study, we chose to investigate the reactivity of [M(CH2Ph)] and 
[Li(Ph)] with [Ln(E഼)3], (M = Li, Na, K; Ln = Y, Ce, Nd ?ʖP for Y = 1.22, Ce = 1.12, Nd = 1.14)[38] utilising 
the ubiquitous bis(trimethylsilyl)amide ligand, as well as [Ce(TMP)3]. We focussed on these rare earth 
elements due to the reasonably interpretable NMR spectra for Ce3+ (4f1) and Nd3+ (4f3), and in order 
to cover a variety of ionic radii, from Y as the smallest to Ce as the largest.[53] 
2.2.1 [Ln{amide}3] + [Li(Ph)] 
Firstly, we investigated the reaction of [Ln(E഼)3] (Ln = Ce, Nd) with [Li(Ph)] (Scheme 2). In both cases, 
the insoluble [Li(Ph)] instantaneously dissolves, the reaction mixtures turn black, and subsequently a 
substantial amount of solid material is precipitated. 1H NMR spectroscopy of the reaction mixtures in 
C6D6 only show resonances attributable to residual [Ln(E഼)3] and [Li(E഼)], (see ESI, Figures S5 and S6), 
which suggests than [Li(Ph)] is acting as a nucleophile, displacing [E഼]-, and has not formed a 
heterobimetallic species. 
 
 
Scheme 2. Reactivity studies of lanthanide amides with phenyl lithium. 
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The parallel reactivity of [Li(Ph)] with diamagnetic [Y(E഼)3] in a 1:1 ratio in C6D6 instead afforded a 
colourless solution, and [Li(E഼)] was not observed by 1H NMR spectroscopy. Indeed, upon increasing 
the ratio of [Li(Ph)] to [Y(E഼)3], the solution became pale blue at 2:1, and only in excess of this ratio 
did the solution darken in colour with noticeable amounts of insoluble material. As this ratio was 
increased to two equivalents of [Li(Ph)], the relative intensity of the resonance for the yttrium starting 
material (0.30 ppm) slowly decreased. The 1H NMR spectrum of this new species (see Figure S7, ESI) 
is in agreement with this ratio as the sum of the three Ph resonances (at 8.39, 6.93 and 6.59 ppm) 
integrate to 10, and the N'' ligands integrate to 54, split into two singlet resonances integrating to 18 
and 36 hydrogen atoms, suggesting an empirical formula of [Li2Ph2Y(N഼)3]. Using 1H NMR DOSY, all five 
resonances gave the same diffusion coefficient supporting its formulation as an adduct that diffuses 
slower than [Y(E഼)3]. Unfortunately, we were unable to isolate crystals of this 2:1 reaction product to 
conclusively identify its structure, and therefore are unable to comment on how the Li cations are 
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞz ‘ĂƚĞ ? complex, despite the apparent stability of this compound in solution (>2 
weeks).  
In light of the deleterious formation of [Li(E഼)] with the larger rare earth metals (6 coordinate M3+ 
ionic radii: Ce = 101, Nd = 98, Y = 90 pm),[54] we postulated that a more sterically encumbered amide 
could stabilise any possible adduct species that might be formed. As [Ce(TMP)3] was readily 
prepared,[55, 56] we utilised this complex for reactivity studies. However, as was the case for the 
reaction of [Ce(E഼)3] with [Li(Ph)], the reaction of [Ce(TMP)3] with [Li(Ph)] afforded [Li(TMP)] as the 
only soluble product. In this case, the increased steric encumbrance slowed the rate of reaction so 
that the reaction was only complete after 24 hrs (cf [Ce(E഼)3] where the reaction was instantaneous). 
At intermediate times, resonances due to intermediates were observed, but these could not be 
characterised further. At the end of the reaction, whilst we observed resonances corresponding to 
[Li(TMP)], there is also a resonance for residual [Ce(TMP)3] that suggests that the reaction does not 
proceed in exact 1:1 stoichiometry. Ligand exchange of this type is not unknown. For instance, the 
preparation of [Sn{CH(SiMe3)2}2] proceeds similarly by the reaction of [Li{CH(SiMe3)2}] with [Sn(E഼)2], 
which eliminates [Li(E഼)].[57] 
 
2.2.2 [Ln{amide}3] + [M(CH2Ph)] 
The benzyl anion is less basic than the phenyl anion (pKa of benzene = 43, toluene = 40),[58] and we 
selected the readily synthesised [Na(CH2Ph)] and [K(CH2Ph)] for reaction studies. The lithium analogue 
was an oil that required the addition of one equivalent of donor ligand in order to isolate 
[Li(TMEDA)(CH2Ph)] as a solid. We started our investigations of [Ln(E഼)3] + [M(CH2Ph)] with the 
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diamagnetic yttrium complex. For all metal benzyl species, upon mixing with [Y(E഼)3] in C6D6 the 
insoluble alkali metal reagents dissolve, and 1H NMR spectroscopy suggests the formation of adduct 
species, of the form [M][Y(E഼)3(CH2Ph)], wherein there is an interaction between the benzyl anion and 
the yttrium ion (Scheme 3, Figure 4).  
 
Scheme 3 ?WƌŽƉŽƐĞĚƌĞĂĐƚŝǀŝƚǇĨŽƌ ?>Ŷ ?E഼ ?3] with [M(CH2Ph)]. 
 
 
Figure 4. Comparison of the benzylic region of the 1,EDZƐƉĞĐƚƌĂĨŽƌƚŚĞƌĞĂĐƚŝŽŶƐŽĨ ?z ?E഼ ?3] with 
[M(CH2Ph)] [M = Li(TMEDA), Na, K] 10 minutes after mixing. For Li(TMEDA), two species were observed 
labelled a and b. * = toluene CH3. 
 
For the adduct generated with [K(CH2Ph)], the 1H NMR resonance attributed to the E഼ ligands has 
shifted from 0.30 to 0.64 ppm, and there are well resolved resonances in the aromatic region that 
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correspond to a benzyl fragment (Figure S13, ESI). Perhaps most indicative of the formation of a Y-C 
bond is the presence of a doublet for the CH2 resonance at 2.22 ppm (2JYH = 2.6 Hz), which is attributed 
to the interaction of the 100% I = ½ 89Y isotope with the CH2 of the benzyl moiety. This two-bond 
coupling is readily observed, as in [Y(BIPM)(CH2Ph)(THF)] (BIPM = {C(PPh2NSiMe3)2}2-, 2JYH = 1.6 Hz)[59] 
or [K][Y(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] (2JYH = 2.6 Hz).[30] Similarly, for reactions with [Na(CH2Ph)], 
adduct formation was instantaneous and the CH2 resonance was observed as a doublet (2JYH = 3.2 Hz). 
For Li(TMEDA), 10 minutes after mixing two benzyl adducts were observed (Figure 4), with resonances 
for species a (displaying no resolvable 2JYH coupling) gone within 1 hour at room temperature, whereas 
resonances for species b (2JYH = 3.4 Hz) reduce in intensity over 2 weeks.  
For all of the reactions, the adducts formed are not stable and convert to the cyclometallated product 
(Scheme 3), assigned by comparison of its 1H NMR spectrum with that of the previously reported 
ƐŽůǀĞŶƚĨƌĞĞƐƉĞĐŝĞƐ ? ?< ? ?z ?E഼ ?2{ʃ2-CH2Si(Me)2N(SiMe3)}].[30] The reaction is almost complete within 1 
week for K (Figure 5) or 2 weeks for Li(TMEDA), but three species were observed by 1H NMR 
spectroscopy for Na even after 2 weeks. Close inspection of 1H NMR spectra for M = Na and K over 
intermediate times also revealed resonances for a second benzyl adduct, labelled b (Figure 5 for M = 
K). For K, a CH2 resonance was observed at 1.98 ppm (2JHY = 3.7 Hz) together with Ph resonances and 
a singlet at 0.50 ppm for N഼. For Na, the CH2 resonance for the second species was observed at 2.37 
ppm (2JHY = 4.0 Hz). The 1J(13C-1H) coupling constant for the benzyl CH2 group is a sensitive probe of 
the hybridisation of the C atom, with pyramidalised sp3 carbanions displaying a coupling constant of 
approximately 125 Hz that increases to 167 Hz upon becoming planar and sp2 hybridised.[60] 
Observation of the 1J(13C-1H) coupling constants in the benzyl adducts should therefore give more 
information about the hybridisation in these compounds. For M = K, 13C satellites for the CH2 
resonances in both benzyl species were observed and gave values of 118 Hz (a) and 121 Hz (b) 
indicating sp3 hybridisation. It is likely that neither of these species is therefore a contact ion pair with 
a planar benzyl anion bridging the two centres. For Li, species a was not sufficiently stable in solution 
to record 1H NMR spectra with a sufficient signal to noise ratio in order to observe the 13C satellites, 
but species b displayed a 1J coupling consonant of 122 Hz, ruling out a planar benzyl anion that would 
be conducive for an Y-C-Li interaction, and instead suggesting a solvent separated ion pair with a 
pyramidalised terminal CH2. 
The NMR spectroscopic data suggests that over time the benzyl moiety deprotonates the silyl amide 
ligand with the formation of a new Y-C bond. The conversion of [M][Y(E഼)3(CH2Ph)] to 
[M][Y(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] for M = Na is much slower than for K, whereas for 
[Li(TMEDA)(CH2Ph)], loss of the initial adduct species is fast, but the conversion to metallacycle 
happens over two weeks. We have been unable to definitively characterise the two different benzyl 
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adducts, and can only tentatively propose that they might represent a contact ion pair (most likely to 
be species a for M = Li) and a solvent separated ion pair, as crystallographically identified for Nd (see 
below). The relative stability of these two species is likely to be greatly influenced by the nature of the 
alkali metal and the presence of TMEDA as a solvent-separating co-ligand.[61] 
 
Figure 5. Comparison of the 1H NMR spectra for the reaction of [Y(E഼)3] with [K(CH2Ph)] after various 
time, to show ultimate conversion to [K][Y(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}]. 
 
We then turned our attention to the analogous reactivity with the f-block metals Ce and Nd. Again, 
the insoluble alkali metal benzyl reagents dissolved instantaneously upon mixing with [Ln(E഼)3] (Ln = 
Ce and Nd) and new resonances are observed. Fortunately, single crystals suitable for X-ray diffraction 
studies were grown from the reaction of [Li(TMEDA)(CH2Ph)] and [Nd(E഼)3] after storage of a toluene 
solution overnight at  ?25°C as pale blue needles (Scheme 4), despite this adduct being the least stable 
(see below). The anion of 2 is shown in Figure 6 (see Figure S2, ESI for both cation and anion).  
 
Scheme 4 Preparation of [Li(TMEDA)2][Nd(E഼)3(CH2Ph)], (2). 
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Figure 6. Solid-state structure of the anionic moiety of [Li(TMEDA)2][Nd(Eං)3(CH2Ph)], (2). Thermal 
ellipsoids set at 50 % probability. Hydrogen atoms and lattice solvent (toluene) are omitted for clarity. 
Selected bond lengths (Å) and angles (°): Nd(1)-N(1) 2.3545(18), Nd(1)-N(2) 2.3746(18), Nd(1)-N(3) 
2.3756(17), Nd(1)-C(1) 2.601(2); Nd(1)-C(1)-C(2) 131.5(2).  
The anion features Nd in a distorted tetrahedral geometry comprising ŽŶĞɻ1-benzyl and three E഼ 
ligands. The neodymium ion sits out of the plane of the three amides by 0.62 Å, and the sum of the 
three N-Nd(1)-N bond angles is 340.25°. This indicates an increase in the displacement of the Nd 
compared to the homoleptic precursor, [Nd(E഼)3], where the sum of bond angles is 353.4°, and the Nd 
ion was found to be disordered 0.34 Å above and below the plane of the three N donors.[62] 
Commensurate with the increased coordination number, the Nd-N bond distances have increased (av. 
of 2.37 Å in 2 vs 2.29(2) Å in [Nd(E഼)3]).[62] The Nd-C bond distance is slightly longer than in the 
homoleptic benzyl species [Nd(CH2Ph)3(THF)3] [2.567(2) Å vs 2.601(2) Å in 2],[13] which could reflect 
the increased steric bulk of the E഼ groups. The carbon atom of the CH2 unit of the benzyl moiety is 
also distorted away from the tetrahedral ideal [Nd(1)-C(1)-C(2) 131.5(2)°]. The analogous yttrium 
adduct, which has a smaller ionic radius [Nd3+ 112.3 vs Y3+ 104.0 pm],[54] underwent more facile 
deprotonation of the silyl amide moiety, and this could be due to increased steric pressure or closer 
proximity in space between the benzyl and E഼ ligands. The lithium cation adopts a distorted 
tetrahedral geometry as a consequence of the small bite angle of the tethered Namine donors of the 
TMEDA ligands (internal N-Li-N bond angles av. 88.7°), but is otherwise unremarkable.  
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Due to paramagnetic effects, the resonances observed by 1H NMR spectroscopy were broad and cover 
a large chemical shift range, making complete characterisation of the benzyl adducts with Ce, Nd and 
the three alkali metals very difficult. For Ce, three characteristic paramagnetically shifted Ph 
resonances were observed directly after mixing the reagents (Figure S25, ESI), however, the CH2 
resonance could not be definitively identified. As seen for the reactions involving [Y(E഼)3], these 
adduct complexes are not stable and undergo further reactivity with the Li(TMEDA) complex being the 
least stable. Inspection of the 1H NMR spectra after several hours revealed (in all cases) resonances 
for both toluene and [M(E഼)], as well as for a new product that is assigned to be the analogous 
[M][Ce(E഼2{ʃ2-CH2Si(Me)2N(SiMe3)}] cyclometallated species, data for which could be generated by 
waiting for the reactions to go to completion at room temperature or through heating (Figure S26, 
ESI). 
For [Nd(E഼)3], its initial reactivity with [M(CH2Ph)] (M = Na, K) was found to follow the same pathway 
as for cerium and new characteristic paramagnetically shifted resonances were observed for the 
benzyl group, including a resonance at very low frequency (at ca.  ?45 ppm) assigned to the benzyl CH2. 
However, several broad resonances were observed for the E഼ ligands which could not be definitively 
assigned to the benzyl adduct because they could not be differentiated from [Nd(E഼)3] or other 
by-products. None of the benzyl adducts were stable and they converted to the cyclometallated 
species [M][Nd(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] (Figure S28, ESI) with elimination of toluene over the 
course of several days. [M(E഼)] can also be observed by 1H NMR spectroscopy, suggesting that again 
the mechanisms here are not straightforward.  
In light of the preparation of 2, we can then comment on the stability of benzyl species in the presence 
of silyl amide ligands. As has been observed in the NMR studies detailed above, it is evident that benzyl 
adducts are initially formed, however, deprotonation of a silyl amide ligand is relatively facile and 
proceeds at room temperature. This follows literature precedent for ƚŚĞ ƌĞĂĐƚŝŽŶ ŽĨ  ?z ?E഼ ?3] with 
nBuLi.[30] There is also a general lack of literature examples for benzyl ligands in the presence of silyl 
amide ligands indicating their incompatibility, with only examples of Sc, Ti, Al or Ta benzyls in the 
presence of E഼,[36, 63-65] as well as Zr or Th benzyls with tris(silylamido)amines,[66, 67] known. 
Reactions of [M(CH2Ph)] [M = Li(TMEDA), Na, K] with [Ce(TMP)3] in C6D6 were attempted. However, 
large amounts of solid material precipitated which we have been unable to characterise. For M = K 
and Na, the major soluble product appears to be free tetramethylpiperidine, presumably arising from 
a reaction with the solvent. A stable bimetallic product was therefore not obtained. 
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3. CONCLUSION 
The synthesis of bimetallic species based on very electropositive metals made through the 
combination of metal amides and metal phenyl or benzyl compounds was studied, and different 
results were obtained for lithium as opposed to group 1 / rare earth mixtures. Lithium, with its greater 
tendency for multi-centre bonding, generated a hexametallic species with three different Li 
coordination environments. [Ln(E഼)3] / alkali metal organometallics, with very ionic bonding, 
demonstrated the initial formation of  ‘ĂƚĞ ? complexes by 1H NMR spectroscopy, and 
[Li(TMEDA)2][Nd(E഼)3(CH2Ph)] was structurally characterised. However, these adducts were not stable 
with respect to ligand deprotonation and formation of the cyclometallated species 
[M][Ln(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}]. Despite the greater resistance of the TMP anion to strong bases, 
no bimetallic species could be identified with [Ce(TMP)3]. Future work will focus on the combination 
of lanthanide amides with the softer organometallics of groups 2 and 12. 
 
4. EXPERIMENTAL 
All reactions were performed under an oxygen-free (H2O, O2 < 0.5 ppm) nitrogen atmosphere using 
standard Schlenk line techniques or by using an MBRAUN UNIlab Plus glovebox. Anhydrous toluene 
was obtained from an MBRAUN SPS-800 and 40-60 petroleum ether was distilled from sodium wire; 
benzene and benzene-d6 were dried over molten potassium and distilled. All anhydrous solvents were 
degassed before use and stored over activated molecular sieves. TMP(H) was dried over activated 4 Å 
molecular sieves, TMEDA was dried over CaH2 and distilled, and LiE഼ was sublimed prior to use. The 
following compounds were prepared according to literature methods: [Li(Ph)],[68] [Li(TMP)],[39] 
[Li(TMEDA)(CH2Ph)],[69] [Na(CH2Ph)],[60] [K(CH2Ph)],[70] [Y(E഼)3],[71] [Ce(E഼)3],[9, 72] [Nd(E഼)3],[73] 
and [Ce(TMP)3].[55, 56] NMR spectra were recorded on Bruker AVI400 or AVIII400 spectrometers and 
the chemical shifts ɷ are noted in parts per million (ppm) calibrated to the residual proton resonances 
of the deuterated solvent. X-ray diffraction experiments were performed on single crystals of the 
samples covered in inert oil and placed under the cold stream of the diffractometer, and exposures 
were collected using DŽ <ɲ ƌĂĚŝĂƚŝŽŶ  ?ʄ A?  ? ? ? ? ? ? ? Å). Indexing, data collection and absorption 
corrections were performed and structures were solved using direct methods (SHELXT)[74] and 
refined by full-matrix least-squares (SHELXL)[74] interfaced with the programme OLEX2[75] (Table S1). 
Diffraction experiments were carried out at Heriot-Watt University (Bruker X8 APEXII at 100 K), the 
University of Edinburgh (Oxford Diffraction SuperNova, Dual at 120 K) and the University of 
Strathclyde (Oxford Diffraction Gemini at 153 K). CCDC deposition numbers: 1568980-1568983. 
Elemental analyses were performed by Mr Stephen Boyer at London Metropolitan University. 
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Although elemental analysis was repeatedly attempted, unsatisfactory results were obtained. This is 
an acknowledged problem with some organometallic compounds, often those containing silicon,[76-
78] which can lead to unsatisfactory elemental analyses. In addition, the thermal instability of these 
compounds added to these difficulties as well. 
 
4.1 Preparation of [{Li(TMP)2}{Li(Ph)}]2, (1) 
[Li(Ph)] (21.0 mg, 0.25 mmol) and [Li(TMP)] (73.6 mg, 0.50 mmol) were added to a 5 mL ampoule and 
dissolved in benzene (3 mL). The mixture was heated to 80 °C for 2 h. Upon slow cooling to room 
temperature, pale yellow crystals of 1 suitable for X-ray diffraction studies were grown (35 mg, 0.05 
mmol, 37 %). In-situ 1H NMR (400 MHz, 25 °C, C6D6): ɷ 8.28 (4H, d, o-Ph, 2JHH = 6.4 Hz), 7.08 (4H, t, m-
Ph, 2JHH = 7.2 Hz), 6.91 (2H, t, p-Ph, 2JHH = 7.6 Hz), 1.70 (8H, br, TMP), 1.18 (64H, br, TMP); In-situ 7Li 
NMR (155 MHz): ɷ2.53 (s, N-Li-N), 1.27 (s), 0.23 ppm (br). Elemental analysis of different crystalline 
samples was attempted three times, but was consistently low on C. 
4.2 NMR Studies 
Lanthanide tris(amides) [Y(E഼)3], [Ce(E഼)3], [Nd(E഼)3] and [Ce(TMP)3], were reacted on an NMR scale 
in a 1:1 ratio with the alkali metal reagents [Li(Ph)], [Li(TMEDA)(CH2Ph)], [Na(CH2Ph)] and [K(CH2Ph)], 
in approximately 0.5 mL of C6D6. Initial spectra were taken, and then the samples were left to stand at 
room temperature. Further spectra were taken after appropriate time intervals (stated in the stack 
plots for these spectra in the ESI). 
4.2.1 [Ln(E഼)3] + [Li(Ph)] (Ln = Ce, Nd): 
1H NMR (400 MHz): ɷ 0.14ppm (18H, s, Me, [Li(E഼)]) and ɷ  ?3.39 ppm (54H, s, Me, [Ce(E഼)3]) or  ?6.24 
ppm (54H, s, Me, [Nd(E഼)3]). 
4.2.2 [Y(E഼)3] + [Li(Ph)]: 
[Li]2[Y(E഼)3(Ph)2] 1H NMR (400 MHz): ɷ 8.39 (4H, dt, Ph, 2JHH = 7.6, 1.6 Hz), 6.93 (4H, t, Ph, 2JHH = 7.2 
Hz), 6.59 (4H, t, Ph, 2JHH = 7.2, 2 Hz), 0.51 (36H, s, 2 x E഼),  ?0.20 ppm (18H, s, 1 x E഼). Residual [Y(E഼)3] 
is observed in the 1:1 reaction: ɷ 0.30 ppm. 13C NMR (100 MHz): ɷ 187.84 (d, Y-CPh, 1JYC = 49 Hz), 139.89 
(s, Ph), 127.21 (s, Ph), 125.07 (s, Ph), 5.18 (s, 2 x E഼), 5.10 ppm (s, 1 x E഼), 4.01 ppm (s, [Y(E഼)3]). 29Si 
NMR (80 MHz): ɷ  ?8.64 (1 x E഼),  ?11.52 (2 x E഼),  ?11.37 ppm (s, [Y(E഼)3], 3 x E഼). 7Li NMR (155 MHz): 
ɷ 1.08 and  ?6.39 ppm. For 2D DOSY and associated diffusion rates, see ESI, Figure S11 and Table S2. 
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4.2.3 [Y(E഼)3] + [K(CH2Ph)]: 
[K][Y(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ 6.85 (2H, d, Ph, 2JHH = 7.2 Hz), 6.56 (2H, t, Ph, 2JHH = 6.8 Hz), 
6.05 (1H, t, Ph, 2JHH = 6.8 Hz), 2.22 (2H, d, Y-CH2, 2JYH = 2.6 Hz), 0.64 ppm (54H, s, E഼); 13C NMR (100 
MHz): ɷ 137.92 (s, Ph), 129.34 (s, Ph), 125.68 (s, Ph), 123.38 (s, Ph), 24.06 (d, Y-CH2, 1JYC = 23.6 Hz), 
5.97 (s, E഼). 29Si NMR (80 MHz): ɷ  ?10.84 ppm. 
4.2.4 [Y(N഼)3] + [Na(CH2Ph)]: 
[Na][Y(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ 6.96 (2H, d, Ph, 2JHH = 7.6 Hz), 6.73 (2H, t, Ph, 2JHH = 8 Hz), 
6.07 (1H, t, Ph, 2JHH = 6.8 Hz), 1.91 (2H, d, Y-CH2, 2JYH = 3.2 Hz), 0.30 ppm (54H, s, E഼). Additional 
resonances at 0.44 and 0.01 ppm are unidentified. Selected 13C NMR resonances (100 MHz): 52.98 (d, 
Y-CH2, 1JYC = 29.3 Hz). 
4.2.5 [Y(E഼)3] + [Li(TMEDA)(CH2Ph)]: 
[Li(TMEDA)][Y(E഼)3(CH2Ph)] as a mixture of two benzyl species. 1H NMR (400 MHz): ɷ 7.04 (2H, d, Ph, 
2JHH = 7.7 Hz, a), 6.99 (m, b) 6.72 (2H, t, Ph, 2JHH A? 7 Hz, a), 6.46 (t, b), 6.16 (1H, t, Ph, 2JHH A? 7 Hz, a), 
2.37 (s, a) 2.16 (2H, d, Y-CH2, 2JYH = 3.4 Hz, b), 1.46 (bs, TMEDA), 0.61 (bs), 0.54 (s ?E഼), 0.32 (bs, E഼). 
 
4.2.6 [Ce(E഼)3] + [K(CH2Ph)]: 
[K][Ce(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ 11.98 (br, 2H, Ph), 6.83 (br, 2H, Ph), 4.45 (br, 1H, Ph), 0.17 
(s, [K(E഼)] impurity),  ?1 -  ?3 (overlapping br resonances, ca. 36 H),  ?5.13 (br, ca. 18H). CH2 not 
identified and may be obscured by the broad resonances. 
[K][Ce(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] 1H NMR (400 MHz): 10.03 (s, 6H, SiMe2), 0.17 (s, [K(E഼)] 
impurity),  ?3.71 (36H, s, 2 x E഼),  ?3.77 (s, 9H, SiMe3),  ?14.39 (s, 2H, CH2). 29Si NMR (80 MHz): ɷ 1.19,  ?
20.60,  ?25.04 ppm. 
4.2.7 [Ce(E഼)3] + [Li(TMEDA)(CH2Ph)]: 
[Li(TMEDA)][Ce(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ 14.93 (2H, br, Ph), 6.52 (2H, br, Ph), 3.92 (1H, br, 
Ph), 1.58  ? 1.82 (br, 12 + 4H, TMEDA), 0.35 (s, [Li(E഼)] impurity),  ?3.25 (br s, ca. 36H, E഼),  ?4.97 ppm 
(br s, ca 18H, E഼). CH2 not identified. 
4.2.8 [Nd(E഼)3] + [K(CH2Ph)]: 
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[K][Nd(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ 8.63 (2H, br, Ph), 6.42 (2H, br, Ph), 0.57 (br s ? ? ?, ?E഼),  ?
3.95 (br s, [K][Nd(N഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] impurity),  ?6.28 (br s ? ?EĚ ?E഼ ?3]),  ?14.05 (1H, br, Ph),  ?
45.4 ppm (2H, br, Nd-CH2). 
4.2.9 [Nd(E഼)3] + [Na(CH2Ph)]: 
[Na][Nd(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ 9.74 (2H, br, Ph), 6.42 (2H, br, Ph), 0.60 (54H, s, E഼),  ?
14.03 (1H, br, Ph),  ?44.8 ppm (2h, br, Nd-CH2);  
[Na][Nd(N഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] ɷ 13.37 (6H, s, SiMe2),  ?0.83 (9H, s, SiMe3),  ?4.75 (36H, s, 
2xE഼),  ?12.2 ppm (2H, s, Nd-CH2); [Nd(N഼)3] ɷ  ?6.26 ppm (54H, s, 3 x E഼). 
4.2.10 [Nd(N)3] + [Li(TMEDA)(CH2Ph)]:
  
[Li(TMEDA)][Nd(E഼)3(CH2Ph)] 1H NMR (400 MHz): ɷ8.69 (2H, br, Ph), 1.47 - 1.73 (br, TMEDA),  ?3.34 
(54H, br),  ?34.1 ppm (2H, br, Nd-CH2). Other resonances from the Ph group could not be definitively 
assigned. Some [Li(TMEDA)2][Nd(N഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] was also evident: ɷ 14.26 (6H, s, 
SiMe2), 1.46  ? 1.74 (24 + 8H, v br, 2 x TMEDA),  ?2.77 (9H, s, SiMe3),  ?4.39 (36H, s,2 x N഼),  ?12.14 ppm 
(2H, br, Nd-CH2). 
[Li(TMEDA)][Nd(E഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] 1H NMR (400 MHz): ɷ 14.40 (s, 6H, SiMe2),  ?2.96 (s, 9H, 
SiMe3),  ?4.33 (s, 36H, 2 x E഼),  ?12.2 ppm (s, 2H, Nd-CH2).  
Single crystals of [Li(TMEDA)2][Nd(N഼)3(CH2Ph)] formed from the reaction mixture of [Nd(N഼)3] (56.4 
mg, 0.09 mmol) and [Li(TMEDA)(CH2Ph)] (19.2 mg, 0.09 mmol) in toluene (5 cm3) after storage in the 
freezer at  ?25 °C overnight (blue needles suitable for X-ray diffraction studies, 35 mg). NMR 
spectroscopy showed multiple samples to be mixtures of Li(TMEDA)2][Nd(N഼)3(CH2Ph)], 
[Li(TMEDA)][Nd(N഼)2{ʃ2-CH2Si(Me)2N(SiMe3)}] and [Nd(N഼)3] in varying proportions. 
 
ACKNOWLEDGEMENTS 
The authors wish to acknowledge the support of the Leverhulme Trust (RPG-2016-338 for supporting 
PAC), the Royal Society (Research grant RG130436 to SMM), the Royal Society of Edinburgh (BP Trust 
Fellowship to SDR) and the University of ^ƚƌĂƚŚĐůǇĚĞ  ?ŚĂŶĐĞůůŽƌ ?Ɛ &ĞůůŽǁƐŚŝƉ ƚŽ ^Z ? ? SGR is an 
Erasmus exchange student from the Julius-Maximilians-Universität Würzburg, Germany. Dr Gary 
Nichol (University of Edinburgh) is thanked for his assistance with collecting data on 1 (triclinic 
polymorph). 
 
17 
 
REFERENCES 
[1] R.E. Mulvey, Acc. Chem. Res., 42 (2009) 743. 
[2] R.E. Mulvey, F. Mongin, M. Uchiyama, Y. Kondo, Angew. Chem., Int. Ed., 46 (2007) 3802. 
[3] R.E. Mulvey, S.D. Robertson, Top. Organomet. Chem., 47 (2014) 129. 
[4] A. Boudier, L.O. Bromm, M. Lotz, P. Knochel, Angew. Chem., Int. Ed., 39 (2000) 4414. 
[5] J.F. Pelletier, A. Mortreux, X. Olonde, K. Bujadoux, Angew. Chem., Int. Ed. Engl., 35 (1996) 1854. 
 ? ? ?Z ?ZŝďĞŝƌŽ ?Z ?ZƵŝǀŽ ?, ?EƐŝƌŝ ?^ ?EŽƌƐŝĐ ?& ? ?ŐŽƐƚŽ ?> ?WĞƌƌŝŶ ? ?oisson, ACS Catalysis, 6 (2016) 851. 
[7] R.E. Mulvey, S.D. Robertson, Angew. Chem., Int. Ed., 52 (2013) 11470. 
[8] F.T. Edelmann, W.A. Herrmann, Synthetic Methods of Organometallic and Inorganic Chemistry, 
Volume 6, 1997: Volume 6: Lanthanides and Actinides, Thieme, 2014. 
[9] D.C. Bradley, J.S. Ghotra, F.A. Hart, J. Chem. Soc., Dalton Trans., (1973) 1021. 
[10] A.G. Avent, C.F. Caro, P.B. Hitchcock, M.F. Lappert, Z. Li, X.-H. Wei, Dalton Trans., (2004) 1567. 
[11] P.B. Hitchcock, M.F. Lappert, R.G. Smith, R.A. Bartlett, P.P. Power, J. Chem. Soc., Chem. Commun., 
(1988) 1007. 
[12] M.P. Conley, G. Lapadula, K. Sanders, D. Gajan, A. Lesage, I. del Rosal, L. Maron, W.W. Lukens, C. 
Copéret, R.A. Andersen, J. Am. Chem. Soc., 138 (2016) 3831. 
[13] A.J. Wooles, D.P. Mills, W. Lewis, A.J. Blake, S.T. Liddle, Dalton Trans., 39 (2010) 500. 
[14] W. Huang, B.M. Upton, S.I. Khan, P.L. Diaconescu, Organometallics, 32 (2013) 1379. 
[15] N. Meyer, P.W. Roesky, S. Bambirra, A. Meetsma, B. Hessen, K. Saliu, J. Takats, Organometallics, 
27 (2008) 1501. 
[16] S. Harder, C. Ruspic, N.N. Bhriain, F. Berkermann, M. Schürmann, Z. Naturforch., 63b (2008) 267. 
[17] H. Schumann, D.M.M. Freckmann, S. Dechert, Z. Anorg. Allg. Chem., 628 (2002) 2422. 
[18] M. Niemeyer, Acta Crystallogr., Sect. E: Struct. Rep. Online, 57 (2001) m553. 
[19] W.J. Evans, J.C. Brady, J.W. Ziller, J. Am. Chem. Soc., 123 (2001) 7711. 
[20] H.C. Aspinall, Chemistry of the f-Block Elements, Taylor & Francis, 2001. 
[21] A.L. Wayda, W.J. Evans, J. Am. Chem. Soc., 100 (1978) 7119. 
[22] H. Schumann, W. Genthe, E. Hahn, J. Pickardt, H. Schwarz, K. Eckart, J. Organomet. Chem., 306 
(1986) 215. 
[23] W. Noh, G.S. Girolami, Polyhedron, 26 (2007) 3865. 
[24] J.L. Atwood, W.E. Hunter, R.D. Rogers, J. Holton, J. McMeeking, R. Pearce, M.F. Lappert, J. Chem. 
Soc., Chem. Commun., (1978) 140. 
[25] W.J. Evans, J.L. Shreeve, R.N.R. Broomhall-Dillard, J.W. Ziller, J. Organomet. Chem., 501 (1995) 7. 
[26] G. Hanrong, S. Qi, H. Jingyu, J. Sunchun, L. Yonghua, J. Organomet. Chem., 427 (1992) 141. 
[27] H. Schumann, J. Mueller, N. Bruncks, H. Lauke, J. Pickardt, H. Schwarz, K. Eckart, Organometallics, 
3 (1984) 69. 
[28] H. Schumann, J. Pickardt, N. Bruncks, Angew. Chem., Int. Ed. Engl., 20 (1981) 120. 
[29] T. Spallek, O. Heß, M. Meermann-Zimmermann, C. Meermann, M.G. Klimpel, F. Estler, D. 
Schneider, W. Scherer, M. Tafipolsky, K.W. Törnroos, C. Maichle-Mössmer, P. Sirsch, R. Anwander, 
Dalton Trans., 45 (2016) 13750. 
[30] M. Niemeyer, Inorg. Chem., 45 (2006) 9085. 
[31] Y. Chapurina, J. Hannedouche, J. Collin, R. Guillot, E. Schulz, A. Trifonov, Chem. Commun., 46 
(2010) 6918. 
[32] I. Aillaud, D. Lyubov, J. Collin, R. Guillot, J. Hannedouche, E. Schulz, A. Trifonov, Organometallics, 
27 (2008) 5929. 
[33] I. Aillaud, C. Olier, Y. Chapurina, J. Collin, E. Schulz, R. Guillot, J. Hannedouche, A. Trifonov, 
Organometallics, 30 (2011) 3378. 
[34] M. Karl, K. Harms, G. Seybert, W. Massa, S. Fau, G. Frenking, K. Dehnicke, Z. Anorg. Allg. Chem., 
625 (1999) 2055. 
[35] F. Han, J. Zhang, W. Yi, Z. Zhang, J. Yu, L. Weng, X. Zhou, Inorg. Chem., 49 (2010) 2793. 
[36] K.R.D. Johnson, P.G. Hayes, Polyhedron, 108 (2016) 43. 
18 
 
[37] M. Fang, J.E. Bates, S.E. Lorenz, D.S. Lee, D.B. Rego, J.W. Ziller, F. Furche, W.J. Evans, Inorg. Chem., 
50 (2011) 1459. 
[38] Source: WebElements [http://www.webelements.com/]. 
[39] M.F. Lappert, M.J. Slade, A. Singh, J.L. Atwood, R.D. Rogers, R. Shakir, J. Am. Chem. Soc., 105 
(1983) 302. 
[40] E. Hevia, A.R. Kennedy, R.E. Mulvey, D.L. Ramsay, S.D. Robertson, Chem.-Eur. J., 19 (2013) 14069. 
[41] R.E. Dinnebier, U. Behrens, F. Olbrich, J. Am. Chem. Soc., 120 (1998) 1430. 
[42] C. Strohmann, S. Dilsky, K. Strohfeldt, Organometallics, 25 (2006) 41. 
[43] C. Strohmann, V.H. Gessner, Chem. Asian J., 3 (2008) 1929. 
[44] J. Langer, M. Köhler, R. Fischer, F. Dündar, H. Görls, M. Westerhausen, Organometallics, 31 (2012) 
6172. 
[45] P.K. Eckert, B. Schnura, C. Strohmann, Chem. Commun., 50 (2014) 2532. 
[46] U. Kroesen, L. Knauer, C. Strohmann, Angew. Chem., Int. Ed., 56 (2017) 6232. 
[47] Q.F. Mokuolu, P.A. Duckmanton, P.B. Hitchcock, C. Wilson, A.J. Blake, L. Shukla, J.B. Love, Dalton 
Trans., (2004) 1960. 
[48] B. Eichhorn, H. Nöth, T. Seifert, Eur. J. Inorg. Chem., (1999) 2355. 
[49] R. Bomparola, R.P. Davies, S. Hornaeur, A.J.P. White, Dalton Trans., 43 (2014) 14359. 
[50] P.G. Williard, Q.Y. Liu, J. Am. Chem. Soc., 115 (1993) 3380. 
[51] D.R. Armstrong, A.R. Kennedy, R.E. Mulvey, S.D. Robertson, Chem.-Eur. J., 17 (2011) 8820. 
[52] A.A. Fyfe, A.R. Kennedy, J. Klett, R.E. Mulvey, Angew. Chem., Int. Ed., 50 (2011) 7776. 
[53] S.M. Mansell, S.T. Liddle, Inorganics, 4 (2016) 31. 
[54] R. Shannon, Acta Crystallogr., Sect. A: Found. Crystallogr., 32 (1976) 751. 
[55] P.B. Hitchcock, Q.-G. Huang, M.F. Lappert, X.-H. Wei, J. Mater. Chem., 14 (2004) 3266. 
[56] S.D. Daniel, J.-S.M. Lehn, J.D. Korp, D.M. Hoffman, Polyhedron, 25 (2006) 205. 
[57] P.J. Davidson, D.H. Harris, M.F. Lappert, J. Chem. Soc., Dalton Trans., (1976) 2268. 
[58] M.B. Smith, J. March, Acids and Bases, in:  March's Advanced Organic Chemistry, John Wiley & 
Sons, Inc., 2006, pp. 356. 
[59] D.P. Mills, O.J. Cooper, J. McMaster, W. Lewis, S.T. Liddle, Dalton Trans., (2009) 4547. 
[60] M.G. Davidson, D. Garcia-Vivo, A.R. Kennedy, R.E. Mulvey, S.D. Robertson, Chem.-Eur. J., 17 
(2011) 3364. 
[61] A.R. Kennedy, S.M. Leenhouts, J.J. Liggat, A.J. Martinez-Martinez, K. Miller, R.E. Mulvey, C.T. 
O'Hara, P. O'Keefe, A. Steven, Chem. Commun., 50 (2014) 10588. 
[62] R.A. Andersen, D.H. Templeton, A. Zalkin, Inorg. Chem., 17 (1978) 2317. 
[63] R.K. Minhas, L. Scoles, S. Wong, S. Gambarotta, Organometallics, 15 (1996) 1113. 
[64] M.-Á. Muñoz-Hernández, D. Rutherford, H. Tiainen, D.A. Atwood, J. Organomet. Chem., 582 
(1999) 103. 
[65] S.C. Hunter, S.-J. Chen, C.A. Steren, M.G. Richmond, Z.-L. Xue, Organometallics, 34 (2015) 5687. 
[66] C. Morton, I.J. Munslow, C.J. Sanders, N.W. Alcock, P. Scott, Organometallics, 18 (1999) 4608. 
[67] B.M. Gardner, P.A. Cleaves, C.E. Kefalidis, J. Fang, L. Maron, W. Lewis, A.J. Blake, S.T. Liddle, Chem. 
Sci., 5 (2014) 2489. 
[68] A.J. Roberts, A.R. Kennedy, R. McLellan, S.D. Robertson, E. Hevia, Eur. J. Inorg. Chem., (2016) 4752. 
[69] A.J. Chalk, T.J. Hoogeboom, J. Organomet. Chem., 11 (1968) 615. 
[70] K. Izod, D.G. Rayner, S.M. El-Hamruni, R.W. Harrington, U. Baisch, Angew. Chem., Int. Ed., 53 
(2014) 3636. 
[71] Y. Mu, W.E. Piers, M.-A. MacDonald, M.J. Zaworotko, Can. J. Chem., 73 (1995) 2233. 
[72] W.J. Evans, R.E. Golden, J.W. Ziller, Inorg. Chem., 30 (1991) 4963. 
[73] W.A. Herrmann, R. Anwander, M. Kleine, W. Scherer, Chem. Ber., 125 (1992) 1971. 
[74] G.M. Sheldrick, Acta Crystallogr., Sect. A: Found. Crystallogr., 64 (2008) 112. 
[75] O.V. Dolomanov, L.J. Bourhis, R.J. Gildea, J.A.K. Howard, H. Puschmann, J. Appl. Crystallogr., 42 
(2009) 339. 
[76] P.B. Hitchcock, M.F. Lappert, L. Maron, A.V. Protchenko, Angew. Chem., Int. Ed., 47 (2008) 1488. 
19 
 
[77] C.A.P. Goodwin, F. Tuna, E.J.L. McInnes, S.T. Liddle, J. McMaster, I.J. Vitorica-Yrezabal, D.P. Mills, 
Chem.-Eur. J., 20 (2014) 14579. 
[78] S.M. Mansell, P.L. Arnold, Polyhedron, 116 (2016) 82. 
 
